Persistent eosinophilia in humans is often associated with endocardial damage to the heart, but a causal relation has not been established. We investigated the effect of eosinophils and eosinophil supernatants obtained from eight hypereosinophilic patients on the contractile performance and endocardial morphology of isolated, electrically stimulated cat papillary muscle preparations (n=16). All these eosinophil suspensions contained high proportions of "hypodense" or "activated" cells. Eosinophils (5-15 X 106/10 ml organ bath) or eosinophil culture supernatants (prepared by overnight incubation at 370 C) when added to papillary muscles produced acute changes in contractile behavior of these muscles identical to the previously reported effects of selective endocardial damage: a reduction in time to peak isometric twitch tension causing a reduction in peak isometric tension but with no significant reduction in rate of tension development or in maximum unloaded shortening velocity. All of these muscle preparations showed severely damaged endocardium at scanning electron microscopy. Addition of eosinophils from hypereosinophilic patients to muscles with selectively damaged endocardium (by previous transient [1-second] exposure to 1% Triton X-100) produced no further change in contractile performance. No significant change in contractile performance or endocardial morphology of papillary muscles (n= 16) was observed after addition of eosinophils (7.5-lOx 106) or neutrophils (8-5x 106) from normal subjects or of cell-free culture medium. Thus, activated human eosinophils produce specific morphological and functional changes suggestive of specific damage to endocardium of isolated feline cardiac muscle.
Persistent eosinophilia in humans is often associated with endocardial damage to the heart, but a causal relation has not been established. We investigated the effect of eosinophils and eosinophil supernatants obtained from eight hypereosinophilic patients on the contractile performance and endocardial morphology of isolated, electrically stimulated cat papillary muscle preparations (n=16). All these eosinophil suspensions contained high proportions of "hypodense" or "activated" cells. Eosinophils (5-15 X 106/10 ml organ bath) or eosinophil culture supernatants (prepared by overnight incubation at 370 C) when added to papillary muscles produced acute changes in contractile behavior of these muscles identical to the previously reported effects of selective endocardial damage: a reduction in time to peak isometric twitch tension causing a reduction in peak isometric tension but with no significant reduction in rate of tension development or in maximum unloaded shortening velocity. All of these muscle preparations showed severely damaged endocardium at scanning electron microscopy. Addition of eosinophils from hypereosinophilic patients to muscles with selectively damaged endocardium (by previous transient [1-second] exposure to 1% Triton X-100) produced no further change in contractile performance. No significant change in contractile performance or endocardial morphology of papillary muscles (n= 16) was observed after addition of eosinophils (7.5-lOx 106) or neutrophils (8-5x 106) from normal subjects or of cell-free culture medium. Thus, activated human eosinophils produce specific morphological and functional changes suggestive of specific damage to endocardium of isolated feline cardiac muscle. (Circulation 1990 ;81:1081-1088) P ersistent peripheral blood hypereosinophilia is associated with a high incidence of tissue damage.1,2 The cardiac disease associated with eosinophilia is typically characterized by damage to the endocardium and adjacent myocardiumendomyocardial fibrosis.34 It has been suggested that there is a causal link between the presence of eosinophilia and the occurrence of cardiac damage. As a result of release of granule products, eosinophils have a high cytotoxic potential against parasites but also a strong cytotoxic potential against mammalian target cells (including cultured human atrial lated" eosinophils, which are believed to be "activated," and eosinophil granule proteins have been found in high concentration in the peripheral blood of patients with clinical cardiac damage and in close association with these cardiac lesions.27'8 Tai et a19 have reported that eosinophil supernatants and purified eosinophil granule products impair the metabolic performance of isolated rat cardiomyocytes.
Direct investigation of the acute effects of eosinophils and their secretion products on intact multicellular heart preparations has not, to our knowledge, been reported.
Brutsaert and coworkers10-14 have recently reported that the endocardium exerts a unique modulating influence on the contraction of isolated cardiac muscle. Selective damage to endocardium results in very characteristic changes in contractile twitch behavior: an earlier onset of isometric tension decline with reduction in peak isometric tension but a relatively minor reduction in the rate of tension development and no reduction in maximum unloaded shortening velocity. We have studied the acute effects of activated eosinophils and eosinophil supernatants obtained from patients with hypereosinophilia on the contractile performance and endocardial morphological integrity of isolated cat cardiac papillary muscle preparations. As controls, the effects of eosinophils or neutrophils purified from normal subjects also were studied.
Methods

Subjects
Eosinophils and eosinophil supernatants were obtained from eight patients with hypereosinophilia. The clinical characteristics and hematologic data for these patients are shown in Table 1 . None of the patients had received any treatment for at least 6 months before collection of blood for eosinophil purification. Only one subject (patient 8) had overt clinical evidence of cardiac disease. All patients had eosinophil counts of more than 0.9x109/1 and evidence of eosinophil activation as assessed by the presence of a high proportion of "hypodense" eosinophils.615,16 Eosinophils and neutrophils were also obtained from five normal subjects.
Isolation of Eosinophils and Neutrophils
Peripheral blood eosinophils and neutrophils were isolated as described previously.15 Briefly, leukocytes were recovered from heparinized venous blood by dextran sedimentation of erythrocytes and were washed in minimum essential medium (MEM; Difco, Detroit, Michigan) containing 10% inactivated fetal calf serum (FCS). Cells suspended in MEM-FCS at 5 x 107 cells/ml were then layered on discontinuous metrizamide gradients (Nyegaard Co., Oslo, Norway), and cell fractions were collected from each gradient and interface. Percent purity and morphology of eosinophils or neutrophils was assessed using Giemsa-stained cytocentrifuge preparations and cell viability by trypan blue dye exclusion. All suspensions used for eosinophil experiments contained at least 65%, and usually more than 80%, eosinophils; neutrophil suspensions contained at least 90% neutrophils.
Eosinophil Supematants
Purified eosinophils (5-10x 106/ml) in MEM-FCS were incubated overnight at 370 C in a 5% CO2 in air atmosphere. The supernatant was collected by centrifugation and stored at -20°C until use. Viability of eosinophils after preparation of the supernatants, evaluated by ethydium bromide, was very high. In addition, it has been previously shown that there is no alteration in protein expression when freshly purified eosinophils are compared with overnightcultured cells.17 Both purification of eosinophils or neutrophils and preparation of overnight culture supernatants were performed in the same place. Freshly purified eosinophils and culture supernatants or neutrophils were transported on ice to perform the experiments on physiology and electron microscopy (total transport time, approximately 1 hour).
Papillary Muscle Preparations
Right ventricular papillary muscles (n=35) from 15 pentobarbitone-anesthetized cats were mounted in 10-ml organ baths containing Krebs-Ringer solution of (mM) NaCI 118, NaHCO3 24, KCI 4.7, KH2PO4
1.2, MgSO4 *7H20 1.2, glucose 4.5, CaCI2 *2H20 1.25, pH 7.4) at 350 C and bubbled with a 95% 02-5% CO2 gas mixture. Muscles were attached to a lengthtension transducer12 and stimulated electrically at 0.2 Hz and a voltage approximately 10% above threshold via two longitudinally arranged platinum electrodes. The basic characteristics of these muscles and the interventions studied are shown in Table 2 .
The following contractile parameters were measured at lm,, (the muscle length at which active tension development was maximal): total peak isometric twitch tension (TT), peak rate of isometric tension development (+dT/dt), time to peak isomet- parameters (pooled data from both groups) are shown in Figure 1 and 
mean±SD]). Scanning Electron Microscopy
Normal endocardial endothelium of cat papillary muscle preparations12 mounted for up to 8 hours consists of a smooth continuous cell sheet of closely apposed cells with distinct intercellular borders, intact cell membranes, and a variable number of small microvilli. Specimens treated with eosinophilfree culture media (n=6; Figure 2A ), normal eosinophils (n=5; Figures 2C and 2D ), or normal neutrophils (n=5; Figure 2B ) had similar appearancespredominantly normal endocardial endothelium but also the very occasional cell with a damaged cell surface (Table 4) .
Muscle preparations (n=16) exposed to eosinophils or eosinophil supernatants from hypereosinophilic patients had severely damaged endocardium ( Figure 3 and Table 4 ). Both eosinophils (Figures 3A and 3B) and their supernatants ( Figures 3C and 3D ) typically caused a heavily extracted appearance of the endocardial cells. This extraction of the endocardial cells ranged from multiple holes in the cell membrane to a "pepper-pot" appearance and a more severe, nearly complete extraction that left only some cytoplasmic fragments and nuclei. Despite the severe damage to the endocardial cells, their cell shape was usually unaffected, and intercellular borders were still present ( Figures 3A-3C ). Zones where endocardial cells were less extracted showed many abnormal intercellular spaces and areas where the underlying basement membrane was exposed, presumably due to damage and detachment of endocardial cells. In these areas, the basement membrane also showed evidence of damage. The pattern of endocardial damage observed was similar for preparations treated with eosinophils or with eosinophil supernatants (Table 4) . duced characteristic acute changes in contractile behavior in association with severe morphological damage to endocardium of cat papillary muscle preparations. Eosinophils or neutrophils from normal volunteers and cell-free culture medium produced no significant functional or morphological changes. We have also previously found that aggregating blood platelets do not damage endocardium under these conditions. 14 Damage to endocardium by eosinophils was probably mediated by eosinophil secretion products because eosinophil supernatants had the same effects as intact cells. The crude eosinophil supernatants were negative for proteins by sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis, and it would be necessary to concentrate them before attempting identification of the products responsible for the endocardial damage by a more sensitive assay. One might speculate that eosinophil cationic protein, eosinophil peroxidase, or eosinophil-derived neurotoxin might be responsible for the damage (rather than the eosinophil major basic protein, which is less soluble) as is suggested by previous studies on single cells.618 It has also been shown that eosinophil cationic protein may mediate membrane damage by forming transmembrane pores.'9 The characteristic morphology of the damaged endocardial cell membranes is consistent with this possibility.
The possible mechanisms of release of these substances and of induction of cell damage were not explored in this study. Because no stimulating agent was used, it is likely that there was spontaneous release of eosinophil products perhaps due to a high state of activation of eosinophils: all eosinophil suspensions obtained from hypereosinophilic patients contained high proportions of the hypodense eosinophils, which are believed to be activated.6 '5 The possibility of cell damage mediated by antibodies cytophilically bound to the eosinophil cell surface (as shown for IgE20) should also be considered. However, the damaging effects of eosinophil supernatants would then have to be explained on the basis of spontaneous antibody release into the supernatant. IgE molecules can be experimentally eluted from the eosinophil FCE receptor by acid pH treatment but not spontaneously. 21 The changes in contractile behavior produced by activated eosinophils and their supernatants are identical to those resulting from selective damage to endocardium of isolated cat papillary muscle by gentle mechanical abrasion or by transient exposure to the detergent Triton X-100,12 suggesting that these eosinophil soluble mediators similarly induce selective damage to the endocardium without damaging myocardium. Our data showing no significant reduction in +dT/dt or in Vmax also provide functional evidence of myocardial integrity. Vma, is a measure of the force-velocity relation22 of the muscle and is believed to represent the life cycle of a single crossbridge between actin and myosin: it would be expected to decrease if myocardium were damaged. Similarly, the rate of tension development usually decreases significantly when myocardium is damaged. Furthermore, addition of eosinophils to preparations where endocardium had already been selectively damaged produced no further acute change in contractile performance. However, because the myocardium was not systematically examined by transmission electron microscopy of all specimens, no further conclusions can be made regarding morphological integrity of the myocardium.
It is possible that endocardium is selectively damaged by activated eosinophils because it is more susceptible to damage than the myocardium. Alternatively, the relatively short time of exposure (30 minutes) in this study might have restricted damage to superficial areas of the papillary muscles. The clinical pattern of eosinophil-associated cardiac disease in humans is also one of predominantly endocardial damage supporting the hypothesis that endocardium is more prone to damage than myocardium. An interesting and relevant question is whether acute endocardial damage in vivo produces acute changes in contractile behavior of subjacent myocardium similar to the changes observed in this study and whether these might cause clinically significant hemodynamic disturbance. Although the magnitude of such an effect would be small, significant hemodynamic changes could occur as a result of increased nonuniformity of contractile behavior.23 However, the phenomenon of endocardial modulation of myocardial contractile behavior in vivo is still under investigation. Furthermore, the mechanisms responsible for the effect of endocardium in isolated cardiac muscle are also speculative at present.24, 25 The results of this study show that the endocardium of isolated cardiac papillary muscle is specifically damaged by mediators from activated eosinophils and results in a characteristic change in the pattern of contraction and relaxation. The cat papillary muscle preparation may be a useful simple and sensitive model to further investigate the mechanical effects and mechanisms of eosinophilinduced cardiac damage.
